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Introduction covmenron (Y

PARTICLE PHYSICS

Some of the most interesting times in physics come from the comparison of
precise theoretical predictions with careful experimental measurements.

While this connection is essential to physics, we generally would like to keep
measurements purely observational and free of theoretical input.

* eg, we can relate an observed number of events within some kinematic
region to a fiducial cross-section

« this measurement is independent of precision of theoretical prediction

« in contrast, to measure a total cross-section we must correct for the efficiency and
acceptance in the fiducial region, which relies on theoretical input

This situation is complicated when the physical quantities of interest require
multiple measurements with correlated experimental and systematic

uncertainties. It is no longer obvious how to decouple theoretical input from
the measurement

- this situation is exacerbated by uncertainties in the theoretical inputs

- with time the theoretical uncertainties may be reduced, so ideally the experimental
results would be presented in a way that is still useful at that time
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A source of confusion ﬁzzr,z:f;“:';?cf‘{
It is important to distinguish between the source of an uncertainty

(parametrized by o) and its effect on the expected signal and
background s(a) and b(a), which may be a complicated function

« example:
« source = uncertainty in energy calibration for jets

- effect = change efficiency to pass Ejt> 20 GeV cut

« example: owe (7. 1)

0 2
Ogo (r, MH>

« source = missing higher order corrections in differential cross section prediction

= Ky (r,Mﬁ, as) =1+ o (ur) KZy (1.1 = My)
n=1

- effect = change expected number of events and distributions

In addition, we must characterize the magnitude
of uncertainty in the source through some

prior distribution (“constraint term”) f(a)

« but theory uncertainties are not statistical a
- choice is controversial e e
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A simple example rerop
Imagine we count events in two regions, each populated by two
signal processes and some background

1 = €1101 T €12092 T b1

Ng = €21071 + €22092 + b2
If we are interested in measuring ¢; & o, we need to know the four

selection efficiency factors, which rely on theory

 Equivalently, measure signal strength « with respect to nominal
theoretical reference

€1201 — H1S512
Situation complicated when expected signal and background rates
depend on uncertain quantities, parametrized by o

n1 = p1s11(a) + pesiz(a) + b1 (a)
No = t1S21(Q) + posse(a) + bo(a)
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An complex example: Higgs @ LHC
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An complex example: Higgs @ LHC ‘;:zr,z:f;;;';?cf?

Channels are sub-divided to enhance sensitivity either for
experimental reasons or take advantage of production features

Higgs Boson | Subsequent f Ldr
Decay Decay Sub-Channels [fb-'] Ref.
2011 +/s =7 TeV
H — ZZ™ 4¢ {4e,2e2u,2ue, 4u, 2-jet VBF, (-tag} 4.6 [8]
10 categories
H =y B {pTt ® N, ® conversion} & {2-jet VBF} 4.8 7]
H— WW® tvly {ee, eu, pe, uu} ® {0-jet, 1-jet, 2-jet VBF} 4.6 [9]
TiepTlep {eu} ® {0-jet} @ {€€} ® {1-jet, 2-jet, prr > 100 GeV, VH} 4.6
H o 11 TlepThad {e, u} ® {O-jet, 1—jet., PTr > 100 GeV, 2-jet} 4.6 [10]
Thad Thad {1-jet, 2-jet} 4.6
Z > vy ET™ € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 4.6
VH — Vbb W — lv p%’ € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 4.7 [11]
Z— L p% € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 4.7

2012 /s =8 TeV
H — 7ZZ™ 4¢ {de,2e2u,2u2e, 4u, 2-jet VBF, {-tag}} 20.7 [8]
14 categories

H =y B {PTc ® 17, ® conversion} @ {2-jet VBF} & {{-tag, ErTmSS—tag, 2-jet VH} 207 7]

H— WW® A%AY {ee, eu, ue, uu} ® {0-jet, 1-jet, 2-jet VBF} 20.7 [9]
TiepTlep {t€} ® {1-jet, 2-jet, pt.r > 100 GeV, VH} 13

H o 11 TlepThad {e, 1} ® {0-jet, 1-jet, prrr > 100 GeV, 2-jet} 13 [10]
ThadThad {1-jet, 2-jet} 13
Z— vy ET™ € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13

VH — Vbb W — v p%" € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 13 [11]
Z— p% € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 13
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An complex example: Higgs @ LHC '.f:zr,z:?.:;;';?cs(‘{

Channels are sub-divided to enhance sensitivity either for
experimental reasons or take advantage of production features

Higgs Boson | Subsequent f Ldt
Decay Decay Sub-Channels [tb~] Ref.
2011 +/s =7 TeV
H — ZZ® 4¢ {de,2e2u,2u2e,4u, 2-jet VBE, (-tag} 4.6 [8]
10 categories
H=7vy - {P1i ® 17, ® conversion} @ {2-jet VBF} 4.8 7]
H— WW® tvly {ee, e, pe, uu} @ (0-jet, 1-jet, 2-jet VBF) 4.6 [9]
TiepTlep {eu} ® {0-jet} @ {£€} ® {1-jet, 2-jet, pTr > 100 GeV, VH} 4.6
H o 11 TlepThad {e, u} ® {O-jet, l—jet., Pl > 100 GeV, 2-jet} 4.6 [10]
Thad Thad {1-jet, 2-jet} 4.6
Z > vy ET™ € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 4.6
VH — Vbb W — v p?’ € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 4.7 [11]
Z — p% € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 4.7

2012 /s =8 TeV
H — 7ZZ™ 4¢ {de,2e2u,2u2e, 4u, 2-jet VBE, (-tag}} 20.7 [8]
14 categories

H =y B {P1c ® 11, ® conversion} @ {2-jet VBF} @ {(-tag, ErT“iSS—tag, 2-jet VH} 207 7]

H— WW® vty {ee, eu, ue, uu} ® {0-jet, 1-jet, 2-jet VBF} 20.7 [9]
TiepTlep {€6} @ {1-jet, 2-jet, pr.r > 100 GeV, VH} 13

H o ot TlepThad {e, 1} ® {O-jet, 1-jet, prr > 100 GeV, 2-jet} 13 [10]
Thad Thad {1-jet, 2-jet} 13
Z > vy ET™ € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13

VH — Vbb W — ¢y p?’ € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 13 [11]
Z— L p%e {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 13
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Disentangling multiple production modes :::zr,z:f.:;;';?cfcf’
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Signal strength

yield shape systematics
Lim(p, @) =[] [Pois(ne|ve(p, o H fe(xelw, o) | ] filailew) :
. Subscripts
cEcategory T 1€8yst
N ~ N ~ . C ... category
=Lnain (11,00 =Lconstr () p ... production
d ... decay
e ... event
expected number of events: v.(u, Zupdscpd + be() i ... systematic
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Current presentation of results ﬁzzr:::‘;ﬁ.:“:';?cf‘%

Likelihood scans in the space of the “signal strengths” associated to production
modes advocated in [arXiv:1307.5865] for communicating LHC Higgs results.
Later ATLAS published such scans

http://doi.org/10.7484/INSPIREHEP.DATA.A78C.HK44 http://doi.org/10.7484/INSPIREHEP.DATA.RF5P.6M3K http://doi.org/10.7484/INSPIREHEP.DATA.26B4.TY5F
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These data are directly linked to the paper in INSPIRE and have been cited:

Information Citations (4) Files

Data from Figure 7 from: Measurements of Higgs boson production and
couplings in diboson final states with the ATLAS detector at the LHC

ATLAS Collaboration (Aad, Georges (Freiburg U.) [...]) Show all 2923 authors

Cite as: ATLAS Collaboration ( 2013 ) HepData, hiip://doi.org/10.7484/INSPIREHEP.DATA.A78C . HK44
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Current presentation of results ﬁzzr:::f;“:';?cf%’

While this is a major step forward in communicating LHC Higgs results, there are
some issues that still need to be addressed.

http://doi.org/10.7484/INSPIREHEP.DATA.A78C.HK44 http://doi.org/10.7484/INSPIREHEP.DATA.RF5P.6M3K http://doi.org/10.7484/INSPIREHEP.DATA.26B4.TY5F
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1. Some systematics are shared between these different channels, so simply multiplying
them together will lead to double-counting those constraint terms (priors)

2. In addition, the profiling of the common systematics is not consistent, different
channels can pull nuisance parameters in different directions

3. Theory uncertainties use the standard prescription from the LHC XSWG. That
prescription and the magnitude of the uncertainties is likely to change in the future as
progress is made on the theoretical side.

Goal: We want to decouple shared uncertainties from the reported likelihood scan
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Basic idea (1/2 )

Left: contours with / without theory uncertainties

CENTER FOR
COSMOLOGY AND £
PARTICLE PHYSICS

Center: contours w/o theory uncertainty shifted by changing ggF inclusive x-sec up by 1o

Right: collection of vectors indicating how best fit point moves due to each source of

uncertainty
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Basic idea (2/2) Gt
Basic idea: Instead of folding the theoretical uncertainties into the experimental result,
experiments would publish an effective likelihood L.(peff) with respect to some fixed

theoretical reference and a reparametrization template pc(p,a) that documents the affect
of individual sources of uncertainty.

theoretical uncertainties are decoupled from experimental result! f
1_2§ a0 sosle oy n 7
1.1; é
% : T 17T T 17T T 1T T 17T ‘ T 17T ‘ T 17T : % : T 17T T 17T T 17T T 17T ‘ T T ‘ T 17T : 1; é
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- ] C ] £ f showir.ig o.nly Inl > 3% ]
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- . - . 11E E
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: z : z
o E o E
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5
and one is free to modify the constraint term (prior)
08F -
“EHoWW* > lviv E

0.6, ,,

qull(ﬂ'a O{) ~ Lrecouple(ua a) = Leff(ueff(l-l'y a)) ’ Lconstr(a) \ /
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Effective Likelihoods ﬁzzr:::f;“:';?cf‘%
Start with the full likelihood function

yield shape systematics Subscripts
C ... category
L (p, o) = H [POlS nelve(p, o H fe(e|p, a H filailag) p ... production
cEcategory / zesyst d ... decay
ELmain(ﬂ'aa) =Lconstr (a)

Expected number of events v has signal strength p that scales a signal yield s which depends on a

Sl -

ppdScpd(Qt) + be(a)

Introduce peff that scales with respect to some fixed theoretical reference at .
Absorb a-dependence into peff(u,o)

\

H, o) — Z/’chd H, & Scpd CEO) +0b (a())

Here peff (pu,0) is a function that absorbs the dependence on a, but we can also think of psff as a

parameter on its own and measure Leg(uef)
Lflﬂl(l"’? a) ~ Lrecouple(ﬂ’a a) = Leff(/"’eﬁ(pfa a)) ' Lconstr(a)

Need a reparametrization template pcff(u,0)) with parameters 1 and a method to determine the
ns such that Liecouple @approximates Leun:

Kyle Cranmer (NYU) LoopFest, June 18, 2014 12
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Reparametrization Templates e e |
For uncertainties that affect the signal yield inclusively
1+ Z i — 040,@')] —>  ppg(p, ) = ppa |1+ Z Mpi (@i — Qg z)]

as in the full likelihood, bi-linear in (u,a)

Similarly, for nuisance parameters that affect background rates:

Sepd(Q@) = Sepa(o)

b( a()

1+ Z ¢cz — Qo ] » Mgilf(ua a) = Hpd T ( ) [Z ¢ci(ai - aO,i)]

as in the full likelihood, linear in u and a

For “cross-talk” nuisance parameters:

Example: a ggF+2j uncertainty affecting off p
VBF signal yield through ggF contamination ,upd(u, Oé) = Upd + Z Hop'd Ty (Oéz' — Oéo,z')
in a VBF-optimized category: p=VBF, p’=ggF T ip’ T T

A flexible reparametrization template including above effects
(bt €)= prpa + Y pra iy (0 — o +Z§bz — o)
i,p’

Paper outlines method needed to determine and coefficients of template

Kyle Cranmer (NYU) LoopFest, June 18, 2014 13
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A toy example with large uncertainties §:zr,z:‘;ﬁ.:“:';?cs(‘7ﬁ
Three examples for a simple 2 channel case with large uncertainties.
The recoupled likelihood excellent approximation to full likelihood

2 L B By B F 2 S L s By B 2 B s By B
s ] 2 r ] z ]
'§ 5 - Recoupled contours 68% CL contours B - é 5 - Recoupled contours 68% CL contours - N '§ 2— Recoupled contours 68% CL contours B
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1 8; -=learning === full model | 1 8; --learning === full model | 1 8; --- by hand === full model
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1.6~ B 1.6 B 1.6~ B

= 14
- 1.2

E i
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Figure 7. Comparison of full likelihood (solid) and recouped (dashed) likelihood for Scenarios
A, B, and C. Scenario C illustrates the impact of using three templates ‘aligned’ (red), ‘by hand’
(green), and ‘learning’ (blue) as described in the text. The top row is based on the nominal Gaussian
constraint and the bottom row shows the result of replacing it with an alternative RFIT constraint
term. The effective likelihood with a = 0 is shown as a dotted line.
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Results with combined Higgs benchmark ﬁzzr:::‘;ﬁ.:“:';?cf‘%
Here are results for two Higgs coupling benchmark models

original original
“naive” approach this approach “naive” approach this approach
MC)? 1_6_ T | T T | T T T | ] L 2_| T | L | L | LI LI | T T | T II\ FTTT T TT I_
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- — 68% CL . 1.5 R -
1 4E --- 95% CL = - b :
- — full . . - ]
1.3 — naive — N 5
- — recoupled . B ]
1.2 3 0.5 -
1.1F = - i
- ] o -
- . B — full i
= = - — naive .
0 95 . -0.5:— — recoupled —:
- . - A ]
0.8 e - - Y + Standard Model
- ] N R —68% CL 5
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O:||||||||,,,|,,,|,,,|,: -_||||||||||||||||||||||||||||||||||||||||||_
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K, Ky

All plots are based on counting models that mimic ATLAS results.
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Combination of Effective Likelihoods
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COSMOLOGY AND =l

PARTICLE PHYSICS

Demo at https://qgithub.com/svenkreiss/decoupledDemo (works on Ixplus).

Lerr is an efficient lookup table that replaces most of the complexity of the full

. . . . w 2 TT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT
model. What is normally a job for a cluster runs in 16min on my laptop. I L N
15F =
. 1= -
® 06 / Decoupled Demo by sven’ X \ ® L ]
C n svenkreiss.github.io/decoupledDemo/ ¢ & €& L1 = 0_5; ,:
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Decoupled Demo o  nominal E
- — uncertainties x1.3
Demo of recoupling a decoupled project. Effective likelihoods and template -0_5; ]
parametrizations are hosted on the web. L —full ]
B --- recoupled ]
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C —68% CL b
Download Download ViewOn -1 5:_ 9% CL _:

ZIP File TAR Ball GitHub ol b b b b b b L g

0.7 08 0.9 1 1.1 12 13 14 15
Full model contours are added to
Decoupled Models the plots for comparison
c . . bl 1 -6 [ T T ‘ T T ‘ ‘ T T ‘ T T T I ]
Effective likelihoods and template parameters are hosted here: - E
15 + Standard Model ]
o H — yy: effective likelihood (.root), template (.pickle, .py) - —nominal. . ]
o H—Z7* — 4l: effective likelihood (.root), template (.pickle, .py) 1.4 — uncertainties x1.3 —
o H—-WW* = lviv: effective likelihood (.root), template (.pickle, .py) - . o —full E
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1.1 \ —
for theory : 1
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uncertainties. - ]
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Kyle Cranmer (NYU) LoopFest, June 18, 2014 16


https://github.com/svenkreiss/decoupledDemo

CENTER FOR

Conclusions ‘.::zr:::‘r.:;;';?cf‘f
The ability to decouple theoretical uncertainties from experimental results
would be a big step forward

- theory uncertainties are not statistical in nature and will evolve with time

- this technique gives a lot of flexibility in how they are handled

We have outlined a technique that achieves this

* |n addition, the technique solves a problem associated to double counting
constraint terms and inconsistent profiling that is present if we publish
profile likelihood scans for the individual channels.

This approach still requires that the experiments understand the effect of
individual sources of uncertainty on the various channels in the way that we are
doing it now coordinated via the LHC HXSWG.

Thant Lyaw./
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Determining Template Parameters e, @8

PARTICLE PHYSICS

The covariance matrix can be used to determine up to np-nq of the template
parameters n. For example, for templates without “cross-talk”™ and only category
universal, symmetric uncertainties, the template parameters n are determined by:
6Aﬁx
8/22;_ — _/lpnip
1,6

Derivation is in the paper with
worked examples in the appendix.

Similar equations can be derived for other scenarios, but usually knowledge has
to be added “by-hand” to keep the number of parameters <np-n.

For more general templates, the local information contained in the likelihood and
its first and second derivative is not enough, and information from various points
of the likelihood needs to be used. This can be done by minimizing a loss function
with the full and recoupled likelihoods:

Loss(n) = /duda m(p, o) |Legn(p, o) — Lrecouple(liaa;n)|2

where 11(u4,a) is a weight function. One possibility is to treat 1r(u,a) as a posterior
obtained using a baseline constraint term: 7(u, &) o¢ Lipain (i, &) Leonstr ()

In practical terms, this means that the integral in the loss function can be obtained
using MCMC [note, does not make the method Bayesian].
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BSM Models in Prod Mode Plan (‘Tﬁ

So far, we publish a SM point in the 2-d plane. However, it is also
possible to come up with a 1-parameter description of various
BSM models and show them as a line in the same plane.

2 T T T | T T T 2 T T T | T T T 2 T T | T T
| £<04 i £<04 55 0(-)42 :
: B : ] [ & = (). : 1
¢ £=02 ¢ £=02 é
1.5} - 1.5¢
- MCHMS5 2HDM II -
. ; . MCHMS
§:§ Thons SRR e SUOUNNUUUN SRR i ; § | \0 ...................................
= singlet —_¢ =1 singlet —/
MSSM :
0.5 /j 1 osp MU
2HDMI
0 | | | 0 ] | 1 0 | | |
0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 05 1 15 2

Figure 5. Decay-diagonal correlations of signal strengths pigr.q vs pvsr,q for d = vy, VV, 77 in
different models. The coupling variation is limited to £ < 0.4 and the value £ = 0.2 is singled out.
The slight deviations from a complete decoupling are discussed in the text.
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Robustness of New Models to Theory oo, @

PARTICLE PHYSICS

Robustness R in the three channels of various BSM models to
changes in the QCD scale for the inclusive and =2 jets bins.

_ |p =104, p™]
(1 —1) - (Oa; ™)

g\?_ ,\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘ ﬁ ,\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘ \\\\\\\\ ] ﬁ ,\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\
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Figure 6. The sensitivity heuristic R;(§) evaluated for various new physics models and the theo-
retical uncertainties ¢ associated to the gluon fusion cross section for > 0-jets and > 2-jets.
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